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Previously unreported two-dimensional lattice mismatch in planes parallel to the 
interfacial boundary between the (00 1) G~.65A1035As epitaxial layer and the GaAs 
substrate has been observed by utilizing a four-beam, (000), (400), (220), and (220), 
simultaneous Borrmann diffraction of x rays. The shifts of the reflection bands of the 
layer from the reflection lines of the substrate indicate that shear stresses exist in 
<1(0) and <010) directions and that the corresponding strains vary continuously 
along the thickness direction of the epilayer. 
PACS numbers: 68.55. + b, 61.1O.Fr 
Investigations on lattice mismatch of LPE layers have 
been carried out by several author. 1-7 Most of these works 
dealt with the lattice mismatch in the direction normal to the 
interfacial boundary. The model concerning the lattice mis-
match along the boundary was given by NagaiS for VPE 
Gal _ )nxAs layers. An indirect observation of the LPE 
Gal _ xAlxAs layer on the GaAs substrate has been reported 
by Ishida et al. 9 They investigated the lattice mismatch in the 
directions normal and parallel to the interfacial boundary 
from inclined (115) reflection of x rays. Because of the incli-
nation of (115) planes with respect to the interfacial bound-
ary, the information obtained about the lattice mismatch 
along the boundary is limited and incomplete. 
In this letter we give a direct observation oflattice mis-
match in the direction parallel to the interfacial boundary 
utilizing a four-beam simultaneous Borrmann diffraction of 
x rays. A two-dimensional picture of the strain effect on the 
reflection lines of x rays is shown. The possible mechanism of 
lattice mismatch is postulated. 
In order to reveal the lattice mismatch along the bound-
ary, those sets of atomic planes perpendicular to it were in-
vestigated. As two-dimensional information was concerned, 
a simultaneous transmission (Borrmann) diffraction, (400), 
(220), and (220), was used. All these planes are perpendicu-
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FIG. 1. Schematic diagram of the experimental arrangement. The x-ray 
source has an effective size of 50X 50 p.m with a 5° angular divergence. 
lar to the interfacial boundary which is parallel to (001) 
planes. Since (220) planes are perpendicular to (220) planes, 
the lattice mismatch in both < 11 0) and < 1 TO) directions can 
be independently and simultaneously observed. The experi-
mental setup is exactly the same as given by Huang and 
Post lO for the study of x-ray diffraction through perfect 
crystal. 
The experiment was performed by rotating a (001) 
G3065Alo.35 As/GaAs sample around <OW) direction, 
where (001) planes are parallel to the large face of the sam-
ple, so that (400), (220), and (220) planes were simultaneous-
ly brought in position to diffract a divergent incident x-ray 
beam. The thicknesses of the layer and substrate are about 
1.9 and 530,um. CuKa l and CuKaz radiations were used. 
The schematic representation of the experimental arrange-
ment is shown in Fig. 1. Films were used to detect the for-
ward-diffracted (FO) and transmitted reflected (TR) beams. 
Due to the fact that GaAs is a highly absorbing material with 
respect to CuKa radiations, the sample was placed with the 
epilayer facing the film so that the diffracted beams from the 
layer were not damaged by the absorption of the substrate. 
Figure 2(a) shows the image of the FO beam. As can be 
seen, the (220) and (220) reflection lines from the layer were 
J\ 
FIG. 2. Then enlarged images of (a) the 
FO beam (2 X ) and (b) the (400) TR beam 
(3 X) of CuKa, and CuKa, radiations. 
Only those reflection lines of the substrate 
are labeled. 
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FIG. 3. Microdensitometer traces of Fig. 2(a) for (a) (220) and (b) (220) 
reflections. Only those reflection peaks of the substrate are indicated. 
pushed to higher- and lower-angle sides, respectively. They 
formed somewhat continuous diffraction bands. No split-
tings of (400) lines seem to be observed on both the FD and 
TR images [Fig. 2(b)]. These mean that (220) planes were 
compressed while (220) planes were stretched. (400) planes 
were then correspondingly rotated around the <00 1) direc-
tion. The rotation of the (400) line could not be detected 
because the film was not large enough to record the small-
ness of angular variation. 
The shifts of the layer lines from the substrate lines can 
be seen from the microdensitometer traces (Fig. 3) ofthe FD 
image. The (220) and (220) layer lines were continuously 
displaced from the substrate lines withing the range from 0'-
2' of arc. The corresponding strains L1al a in the strained 
state are difficult to estimate due to the continuity of lattice 
variation and the possible coexistent Borrmann fans, the 
dynamical effects of the diffracted x-ray beam. 11 
As is well known, 12 extra diffraction lines may appear at 
the higher-angle side resulting from the dynamical interac-
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tion among the diffracted beams within the crystal. This is, 
however, not the case for our experiment since the layer lines 
(bands) of the FD beam were shifted in different directions 
for different reflections. On the other hand, the incident x-
ray beam used did not possess the ideal plane-wave 
characteristics. I] 
From the above observations, the following conclusion 
can be made to describe the mechanism of lattice mismatch 
of the LPE layer: Due to the different thermal-expansion 
coefficients of the layer and substrate at room temperature, 
the layer was, as is well understood,I4 bent by stretching in 
the <(01) direction normal to the interfacial boundary. This 
bending was accompanied with a compression in the < 1 10) 
direction and expansion in the < 110) direction. In other 
words, shear stresses were generated in the < 1 (0) and <010) 
directions. The corresponding strains parallel to the interfa-
cial boundary resulting from this mechanism varied con-
tinuously along the thickness direction of the epilayer. 
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